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1. 

INTROLUCTIOH: 

An aluminum soap of oleic, naphthenic, end. coconut oil fatty acids, 
has been developed as a thickener for gasoline. This material, Imotm is 
Napalm, has shown wide variations in quality but at present production 
troubles have been corrected so that a number of manufacturers are produc- 
ing satisfactory material. 

Early in the research on the Napalm type of soaps it became apparent 
that sorption of moisture and the oxidation of the acid radicals were tv.o 
factors which markedly affected the characteristics of the soaps. Because 
commercial naphthenic acid contains only small amounts of readily oxidiz- 
able unsaturated compounds and substantial amounts of natural antioxid^nts, 
unmodified aluminum naphthenate mi^ht be expected to shov, considerably 
greater resistance to aerial oxioation than Napalm containing no added 
antioxidants. 

The relative merits of the tv.o kinds of soap, now that an antioxidant 
has been included in regular Napalm, is not known. 

Early in the Napalm program some y.ork was conducted on the unmodified 
naphthenates by various organizations. This work i.as allowed to lapse be- 
cause of the critical naphthenic acid situation and general lack of interest. 
So that there would be sufficient data to determine whether the unmodified 
aluminum naphthenates might serve usefully in the thickening program, the 
early work has been reviewed and some additional botches prepared and evalua- 
ted. Though the date presented is not complete because of the limited time 
available, a small amount of additional work should muke possible production 
of satisfactory soap. 
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GiüLhAL uLTHOLS OF r'hti'Atu.TlüK: 

There are three methods of precipitation of aluminum soaps t.hich 
have been used to produce the Napalm type of soaps. Because the prepa- 
ration of aluminum naphthenate so closely parallels Napalm prouuction, 
the methods can be used unchanged. 

iaethod 1. 

Addition of Partially Neutralized *lum to Neutral Sodium Soaa. 

In this process stoichiometric quantities of naphthenic acic and 
caustic soda are reacted to form a neutral sodium soap. To this soap is 
added an alum solution previously reacted v.ith sodu ash so as to form 
some predetermined quantity of bauic salts. 

method 2. 

Two, Stream Precipitation. 

In this process a stream cu' alum ana a stream 01 ousic sodium soap 
are run simultaneously into u small volume, rapidly at.iU.ted starter 
bath, usually the bath contains some controlled excess of alum at the 
start and this is maintained throughout the precipitation. 

Method 5. 

addition of Alum to basic Sodium Soao. 

In this process the alum solution is a&ded to the ousic sodium 
soap while agitating. This method is the one most widely used in the 
commercial manufacture of Napalm. 

Any of these methods are feasible, so the choice of method really 
resolves itself into determination of the procedure most readily usea 
in the plant. Methods 1 and £ for the preparation of the straight nuphthe- 
nate have been tried at other laboratories but work at Ferro »as concentrated 
on Method 5 for this is regaroed as the most satisfactory for production. 
Before summarizing the «ork at Ferro, the data secured at otancurd Oil oi 
California and General Printing Ink «ill be considered. An anonymous method 
of preparation using method 2 has been received and is recorded belov.. The 
data on General Printing Ink aluminum naphthenates is included in this evne 
section for convenience although the method of preparation blue not been 
revealed* 
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LXj>blJi*Eh'IiiL iv&lHOLS OF PKLPiiiJvTlOK. 

method 1» 

Addition of Martially Neutralized Alum to Neutral Sodium boaj. 

Standard Qjj. of California (Oronite) Procedure. 

The exact operation folloved by Oronite is not too clear but 
they describe their method as follows: 

"The method of preparation consisted of neutr lizing 
the naphthenic acids v.ith the caustic soda indicated, 
followed by a stex.ise addition of the balance of the 
caustic soda and aluminum sulfate.    The precipitate 
was filtered, washed and dried." 

Chart I summarizes the data obtained by Oronite using the manu- 
facturing method described.    The formula used for 5lfc57-AROd .-1; 5b-1, 
follows.    Presumably the same general methou was useo to prepare 
21462-R. 

210.0 g naphthenic acid £37 *. V. 

1620.0 cc 4° ae'caustic soda (for neutralization). 

13.5 cc 50° ae'caustic soda (for basicity) 

£13.0 cc 5.53/i Al iluminum Sulfate Solution. 

...ethoa 2T 

Tvo atream Precipitation. 

Anonymous Procedure (data received from N. L. ft. C.) 

A procedure for the preparation of unmodified aluminum naphthenates 
apparently found satisfactory by some one of the interested research 
groups has been received. The following muteriuls vere used for this 
work: 

(a) 1170 cc ^ N aluminum sulfate solution (Sun 
Chemical and Color Co.) well filtered. 

(b) 2.-50 cc soaium naphthenate solution containing 
450 g,  naphthenic acid (Harshcv. Chemical Co., 
rectified grade, 2ZJ A. V.) and 76.6 g« HaOH 
(uerck neagent). 
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4. 

(c) 750 ce 1 N NaOH 

(a) 10,000 ec v.ater containing 50 cc S M aluminum 
sulfate solution. 

Solutions b and e ..ere «ell mixed. The mixture (b + c) anc. (a) 
were run into (a) at such a rate that precipitation «as completed in 
5 minutes. Propeller type agitation «as used ana agitation v.as con- 
tinued 5 minutes after precipitation. 

The product «as filtered on a uuchner and «ashed until the wash 
\.uter gave no sulfate test. It t.as dried in thin layers for 24 - 4L 
hours at 60° C. To prevent caking during storage, 0.5 - 1.0^ aluminum 
stearate was incorporated in the granular product. 

General Printing Ink Soaos. 

In Table II the chemical and physical characteristics of the 
General Printing Ink soaps are summarised. Table III data indicates 
the difference in moisture susceptibility and the change in the vis- 
cosity - concentration relationship between a Napalm and G. t,  I. 
Sample No. 1. 

Method 5. 

Addition of Alum to basic Sodium Soaa. 

- The Napalm produced by the ierro fcnamel Corporation has all been 
produced using the method in which a stream or fine spray of aluminum 
sulfate solution is introduced at a controlled rate into the well agi- 
tated basic sodium soap. Though the technique has been criticized 
because a substantial amount of the precipitate forms over a short 
period near the end of precipitation, proper control of agitation 
minimizes any Difficulties. The very satisfactory experience Ferro 
ha& had with the method has resultedin a concentration on this par- 
ticular method of preparation. 

There was no background to indicate the best composition to be 
used for an aluminum naphthenate gellint agent so  a number of 
variables were investigated. The study included the following work: 

1) Preparation of soaps more basic than ordinary 
Napalm. 

■ 

2) Variation of the sodium soap or aluminum sulfate 
solution concentrations. 

3) The use of particle coating agents to minimize 
particle adhesion during drying anc storage. 

4) The use of naphthenic acids of different acid values. 

5) Evaluation of the characteristics of the aluminum 
naphthenate v.'hich looked most satisfactory. 



haw Materials. Unless otherwise noted the rat« materials usea met 
these specifications: 

1) Ka.;hthenic Acfd £44 A. V. 
Supplier - Sto. of Ual. 
Ada Value - 246 
Sap. Value - 249 
Iodine Value - 9.5 
Color - Lark amber 
S Fe - O.Ofc 

fl iWhthenic acid 261 AT V. - Stanco Rectified. 
Supplier - stanco Listributors 
Acid Value - 259 
Sap. Value - 262 
Iodine Value -8.9 
Color - Pale fellow 
J» Fe - 0.002 

s) Aliim-tfl^p Sulfate. 
Supplier - General Chemical 
Fe - 0.015 
i«n -(0.004 

Supplier - liiehifcan Alkali 

1. Preparation of Soaaa of Variable Basiolties. 

A series of aluminum nephthonates vere prepared in which the free 
caustic content of the soaps wus t r.idually increased. The data on the^e 
batches are summarised in Table I. It is beiievec the difficulties met 
in the plant r.hen handling an aluminum napbthenatt prepared from a soca 
soap lesa basic than about SCO g. l.aOn/1000 g auio . ouli. make such a pro- 
duct undesirable. 

both the naphthenic acids produced soaps which »ere satisfactory 
when the basicity was high enough. There ues little apparent difference 
in their resistance to sintering during drying. 

2. Variatlop of Concentrations. 

Lata in Table II pert; ins to soaps prepared by varying the concen- 
tration of reactonts, the temperature of precipitation, and in one case, 
the time of addition.    The conclu .-.ions reached follows 

a) The aluminum sulfute solution concentration is best 
maintained at 50 - 44,' to secure u satisfactory pur- 
tide size. 

b) A 15,1 sodium soap seems preferable to lower concentra- 
tions if very fine particles are to ot avoided. 

c) The precipitation temperature must not be too low if 
fine particles are to be avoided. 



8. Coatim Akenta. 

H/uluted aluiainum r.aphthen&te vhich exhibited some uenaena./ to 
fuse curing the drying process r.as coated v.ith 5.« a) starch und b) 525 
JJ talc,    »starch made the sticking during drying wore severe ana talc 
helped only a small amount. 

4. From the experience gained in preparing the other naphthenates, 
standard precipitation conditions «ere estaolishea ana tftree catches of 
510, 412 ana 516 g MaOH per 1000 g. acid were prepared from each naphthen- 
ic acid,    fhese batches «ere carefully dried, screened to pass 6 U, re- 
dried and bottled.    These soaps were used for further testing and tlie 
consistencies of their Q% gels v.hen dispersed in ä. 0. L. test gasoline 
are tabulated in Table III. 

5. Moisture Sorotion. 

It «as considered of Interest to note whether the unmodified 
naphthenates sorted moisture as rapidly and to the same decree as ordi- 
nary Napalm.    The moisture absorption rates noted in iaule IV were de- 
termined using 5/8" layers of material exposed under static conditions 
at 80° F. 25,1 a. H. 

6. Genera^ Characteristics. 

Characteristics of the unmodified naphthenates which have ueen 
investigated only briefly are as followst 

a) burning nates. *J.t.ht percent Napalu and straibnt 
.aluminum gels «ere turned ant the burning rates lounc to oe coiupbtaule. 

b) Extensibility. The extensioiljty of the a luminum 
naphthenate gels appears comparable to that of Ik.paJLu. 

c) Cohesion. Cohesion in small size containers offers no 
great difficulties though it aifht cause trouble i.ith lurbe packages. 
A coatint abent for the dried naphthenate «ouid proui.oiy help consider- 
ably. 

d) Oxidation. The induction periods oi all of the un- 
modified aluminum naphthenates v.ere not determined because of lack of 
time but there «ould seem to be little reason to suspect susceptibility 
to oxidation. 

7. hese-rch on the solvation rates of certain aluminum naphthenates 
(510 g SaOH/lOOO g 244 A. V.) indicated that the set and solvation time 
in 3. 0. I. gasoline «as relatively insensitive to temperature over toe 
range 53° I to 90° F. though the magnitude oi the set anu solv&tion 
times «as rather large. To check the characteristics at very lot. tem- 
peratures the naphthenate mentioned above «as screened to pass £0 M and 
added to gasoline at - 10° F. Apparently thei-e is en aurupt change in 
solvation rate for the soap haß swelled to unij hair the total volume 
in 1 - 5 hours. Figs. 1 and £ illustrate the change in set and solva- 
tion time and the spread beUeen the two for the most satisfactory 
aluminum naphthenates. 
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TitbLfe. 11 

C NaOH/ 
1000 g 
Acid 

r'reclp. 
Temp. 
• t. 

Soda 
Soap 
Cone. 

Naph 
xvCid 

A.V. 

Alum 
Sulf. 
Cone. 

Time 
to 
t'reeii: 
Mln. 

i'recip. 
Churac- 

i. teris- 
tlcs. 

Lryinfc 
Character- 
istics. 

510 74 15 246 20 44 Very soft 
and mushy 

  

510 80 15 246 20 45 Very soft 
and mushy —__ 

510 95 15 246 20 15 Very fine    
unsatisfactory 
particle 

510 95 15 246 50 50 Particle size Sintered badly 
good.       Broke up easily. 

510 1 78 9 246 44 20 Very fine    Lried to a hard, 
unsatisfactory brittle mass. 
particle. 

412 86 15 246 44 20 Gooo part-sizb Could be bro- 
ker t soft     ken v.-ith 

difficulty. 

412 

516 

516 

90 

96 

120 

15 

15 

15 

246 

246 

246 

44 

44 

44 

20 

20 

20 

Part size     Coula be bro- 
Slightly better Ken «ith 
than 86°       difficulty. 

Part. Soft, 
hard to 
filter. 

Part, fine 
but filtered 
easily 

Coulä be bro- 
ken with f reat 
difficulty. 

Could be bro- 
ken with {.reat 
difficulty. 

i 

'-..- 
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10. 

i0hy 
g Add 

üoisture üorpt: 

% HoO torbea- 
2 V.eitht Lain 

TADUJL IV. 

Aluminum Mup 

15.0 
hrs. 

0. Hi 
1000 

Ion - Unmodified 

!•*           2.0 
hrs.          hrs. 

hthenates. 

0.5 
hrs 

1.0 
hrs iJu.jh 

k. V. 

310 0.143 
0.052 

0.048 
0.044 

.244 259 

412 0.177 
0.076 

0.066 
0.057 

.£74 259 

516 0.178 
0.084 

0.067 
0.070 

.374 £89 

310 0.078 
0.043 

0.033 
0.041 

.257 246 

412 0.095 
0.047 

0.046 
0.056 

,bk5 246 

516 0.138 
0.074 

O.OiiV 
0.080 

.37o 246 



11. 

• TABLE I. 

Sample No. 51257-R 51258-R Harshaw 
X-104 

314G2-R 

Irylng Method Tray Air — 
appearance Granular Powder ___ Granular 
% Al 5.25 5.51   5.67 
Z HfcO 1.08 1.71   0.95 
Ash —. ___ — 1.80 
Stability -40°C. 0. K. 0. K.   
£t^bility-66°C. No Thinning Thins markedly 
Solvation Time 30 see. . ~ 
t>6t Time to form) 
Stahle 8,0, 13.5,*) 24 hrs. — 
gels.                         ) 
6..' gel consistency) 
(Oronite ..lethoö) 10 sec. 18 sec. 
fi.j gel consistency 
(Oronite uethoci) 51 sec.   
Caking in package Slightly sticky   0. K. 
Consistency 
48 hrs.  3 77°  («icy) 690 
Consistency 
7 days 'J 77°  (»iay) 800 
Consistency 
48 hrs. • 150°  (u*y) 820 
Consistency • 
£ hrs. 9 150°  (Oct) 855 
?4 hrs.  I 150" (Oct) 850 
kA hrs. a 77° (Oct) 650 
% Through 6 uiesh 
% Through 40 Uesh 

100 
14 



12. 
TAhLE II. 

The Chemical and Physical Characteristics of 
9t ^f it Soap»- 

Nuodex 
frlb,0Z2 
average 

46 hrs. 77° F.        640 
Gardner in c. 
24 hrs. 150* F. 
Gardner in g. 510 
188 hrs. 77° F. 
Gardner in g. 580 
2 hrs. 150° F. 
Gardner in g. —- 
Vacuum Oven 
Moisture — 
lean & Stark 
Moisture   
Iodine No. 
(Initial) — 
Iodine No. 
(1 month-120° F       
Heat Stability 
(temp.rise°F.)        0.0° 
lispersion Time 
55» F.   
lispersion Time 
70° F.   
lispersion Time 
90° F. 
Setting Time 
55° F. 
Setting Time 
70°F.   
Setting Time 
90° F.(Viscosity   — 
Initial/Osci- 
lation method) 
in sec. 45 
28 day 150° F. 
Viscosity (Osci- 
lation ..lethod) in 
sec. 50 
jS Iron — 

G.I*.I.JU 
a. b. 

tifl 
»-5 

GP1 
#4 

"IIBT5      1150" 

1150 

1220 

1020 

1100 

0.28 

0.5 

11.0 

5.2 

470 

850 

0.79 

0.80 

9.5 

-BBÖ- 

550 

780 

0.64 

1.00 

10.4 

Gfl 
*5 

Gt*l 
*8 

"7TO 64Ö— 

567 a.v. 720 

750 

0.99 

1.50 

9.2 

850 

0.65 

1.00 

9.9 

5.0°     

20       

15       

11       

28       

a         
17     

121   

(ifI. 
*7 

~SS5  

540 

850 

0.67 

0.90 

12.1 

0.015 0.10     0.05       0.04     0.06       0.04 

l -      n HI    _», 

•   *     *T 

- •   -       - 



is. 

TAaLü, III 

tioisture Susceptibility and Viscosity -Concentration 
Characteristics of Aluminum Japans. 

G. x». I. ooa.) No. 1. 

fi Vacuua     Gardner     Gardner       betting     i inversion 
Oven             168 hrs.    48 hrs.       Time.         Time. 
Moisture      77° F.        77°F.  

Conditioned ?A hrs, 90°F.    0.38 
&QA R. H. 
Conditioned £4 hrsf B5°F. 
65* R. H. 1.01 
Conditioned 24 hrs, 90° F. 
90* R. H. 1.50 
No Conditioning, 
4» Concentration   
Wo Conditioning, 
G,'.- Concentration -— 
No Conditioning 
S,ü Concentration   
No Conditioning, 
10/> Concentration   
No Conditioning 
12% Concentration — 

Napalm d. Mo. 87696 Ufr.?) 
Conditioned Ü hrs, 9Ci°F. 
20/i R. H. 0.99 
Conditioned £4 hrs. 85°F. 
65^ h.  H. 1.75 
Conditioned 24. hrs. 90°F. 
90/» R. H. 
No Conditioning, 
Aj> Concentration 
No conditioning, 
6,J Concentration 
No Conditioning 
8/> Concentration 
No Conditioning, 
10/6 Concentration 
No Conditioning, 
!£.'/> Concentration 

5.00 

1050 

850 

530 

310 

705 

1100 

1450 

1000 

850 

440 

BEI 

740 

1100 

1310 

650 670 

255 300 

80 105 

  97 

  240 

  660 

  1000 

„ m 1410 

20 

9 

9 

15 

8 

6 

i «* * 
.-•-■-._ .. 



14. 

aUMUAXi 

Though additional work is yet to be done on the unmodified 
aluminum naphthenates, research has progressed far enough to indi- 
cate soaps of adequate physical characteristics and satisfactory 
gasol ine gelling ability can be prepared in the laboratory, further- 
more, the characteristics of the soaps are so close to those of the 
Napalm type there should be no unusual production problems. 

Sintering of particles during the drying process might intro- 
duce more grinding difficulties than are met producing Napalm, but 
close control during precipitation «ill minimise such troubles. 

The naphthenates prepared at Ferro have shown no unusual gell- 
ing properties but when properly formulated appeared as satisfactory 
as Napalm. Thus, though the oxidation resistance of the two types 
of soaps have not been compared extensively, it i.oulc seem the ^regt- 
est advantage of the unmodified naphthenates lay in their oxidation 
resistant structure. 

I Author 
S. B. ^lliott 

Supervisor. 
v '■////<■ 
G. H. Meintyre 
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